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Australia’s	 major	 onshore	 hydrocarbon	 province	 and	 most	 prospective	 region	 for	 both	
conventional	and	unconventional	hydrocarbon	exploration.	Organic	petrography	and	thermal	
maturity	 of	 two	 Permian	 lacustrine	 shale	 units	 in	 the	 Cooper	 Basin,	 the	 Murteree	 and	
Roseneath	 shales,	 were	 investigated	 on	 21	 wells	 with	 the	 objective	 of	 evaluating	 the	 gas	
generating	 potential	 of	 these	 units.	 Vitrinite	 reflectance	 values	 for	 the	 Murteree	 and	
Roseneath	 shales	 range	 between	 1.17%	 and	 2.00%.	 Macerals	 show	 systematic	 changes	 in	
properties	relative	to	maturity	rank.	A	range	of	maceral	compositions,	dominated	by	vitrinite	
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1	Introduction	
The	Cooper	Basin	is	a	mature	petroleum	province	with	oil/gas	production	since	1963.	
However,	 relative	 to	 its	 size	 and	 poor	 exploration	 coverage,	 large	 potentials	 remain	 for	
undiscovered	 stratigraphic	 and	 sub-unconformity	 traps	 as	well	 as	 unconventional	 reservoirs	
and	has	demonstrated	by	 renewed	 interest	 in	 the	past	 five	years.	Pinch	out	plays	along	 the	
margins	 of	 the	 Cooper	 Basin	 have	 been	 tested	 with	 commercial	 success	 (PIRSA,	 2007)	 and	
more	recently	unconventional	shale	gas	potential	has	been	investigated	by	several	exploration	
companies	 (PIRSA,	 2012).	 	 The	 focus	 of	 this	 investigation	 are	 the	 Roseneath,	 and	Murteree	
Shales	that	are	typically	considered	to	present	the	most	advanced	unconventional	gas	plays	in	
Australia	 (PIRSA,	2012).	 Indeed,	shale	gas	reservoirs	 in	the	basin	are	thought	to	be	the	main	
source	for	conventional	gas	and	oil	accumulations	(CSIRO,	2012).		However,	proposed	shale	gas	
plays	 in	 both	 formations	 and	 other	 prospective	 units	 across	 the	 basin	 are	 still	 very	 poorly	
evaluated	and	have	been	only	generally	characterized	as	fine-grained,	low	permeability	facies	
that	vary	widely	 in	their	reported	reservoir	characteristics	(Wüst	et	al.,	2014).	 	Several	shale	
gas	 reservoir	wells	 in	 the	basin	are	currently	 commercially	developed	by	different	operators	
making	use	of	extensive	midstream	infrastructure	already	in	place.	One	critical	aspect	of	oil/gas	
exploration	across	the	basin	is	understanding	organic	facies	distribution,	which	is	poorly	known	
in	 this	study,	vitrinite	reflectance	 (VR)	was	 investigated	on	65	samples	 from	wells	across	 the	
Cooper	Basin	(with	target	zones	of	both	Roseneath	and	Murteree	shales).		Thirty-five	of	these	
samples	were	also	analysed	for	H/C	ratios	of	kerogen	and	pyrolysis	Tmax	 including	spatial	and	














are	 separated	 by	 structural	 ridges	 (Gidgealpa,	 Merrimelia,	 Innaminka,	 GMI	 and	 Murteree)	














troughs	 and	 thins	 by	 onlap	 onto	 the	 crests	 of	 intrabasinal	 ridges	 and	 at	 the	 basin	margins	
(Battersby,	1977).	The	Patchawarra	Formation	represents	an	interbedded	succession	of	minor	
channel	 lag	 conglomerates	 and	 massive,	 cross-bedded	 and	 laminated	 sandstones	 of	 fluvial	
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origin,	along	with	laminated	siltstones,	shales,	and	coals	that	formed	in	abandoned	channels,	
shallow	 lakes	 and	 peat	 mires.	 The	 overlying	 Murteree,	 Epsilon,	 Roseneath	 	 and	 Daralingie	
formations	record	alternating	lacustrine	and	lower	delta	plain	environments,	consisting	mainly	
of	 interbedded	 fluvial-deltaic	 sandstones,	 shales,	 siltstones	 and	 coals	 (Kapel,	 1972;	 Gostin,	
1973;Thorton,	1979).			
The	Early	Permian	Murteree	Shale	(Price,	1996)	is	widespread	across	the	Cooper	Basin	
in	both	 South	Australia	 and	Queensland	and	was	defined	by	Gatehouse	 (1972)	 as	 the	 shale	
interval	between	the	sandstone-dominated	Patchawarra	and	Epsilon	formations.	It	consists	of	
black	 to	 dark	 gray	 brown	 argillaceous	 shales,	 siltstones	 and	 fine-grained	 sandstones,	 which	





	 23’	 48.3’’S,	 Longitude	 1400	 34’	 15.3’’E;	 (Gatehouse,	 1972).	 It	 is	 relatively	
uniform	in	thickness,	averaging	~50	m	but	has	a	maximum	thickness	of	86	m	in	the	Nappameri	
Trough.	 It	 thins	 to	 the	 north,	 where	 a	 maximum	 thickness	 of	 35	 m	 is	 developed	 in	 the	






one	of	 three	units	 in	 the	Moomba	Formation	by	Kapel	 (1972).	Gatehouse	(1972)	raised	 it	 to	
formation	 status	 with	 a	 type	 section	 between	 1956.8	 –	 2024.5	m	 in	 the	 Roseneath	 1	 well	
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(latitude	28°10.10"S,	longitude	141°	14’’E).	The	Roseneath	Shale	is	composed	of	light	to	dark	
brown-grey	or	olive-grey	 siltstone,	 and	 shale	with	minor	 fine-grained	pyrite	 and	pale	brown	
sandstone	interbeds.	It	occurs	across	the	central	Cooper	Basin,	but	has	been	eroded	from	the	






Strathmount	1	well	 (Boucher,	2000).	 It	 is	 considered	 to	be	Early	Permian	 (Kungurian)	 in	age	
(Price	 et	 al.,	 1996).	 A	 lacustrine	 environment	 of	 deposition,	 similar	 to	 that	 of	 the	Murteree	
Shale,	is	inferred	for	the	Roseneath	Shale	(Stuart,	1976;	Thornton,	1979).	Variations	between	
massive	 to	 finely	 laminated	 intervals	with	minor	 cross-lamination	 and	wave	 ripples,	 suggest	
storm	 reworking,	 and	 flame	 structures	 and	 slump	 folds	 indicate	 slope	 instability.	 The	unit	 is	
inferred	 to	 have	 been	 deposited	 in	 a	 shallower	 lacustrine	 environment	 than	 the	Murteree	
Shale	(Stuart,	1976;	Thornton,	1979).	
3		Petroleum	geology	of	the	Cooper	Basin	
The	 Cooper	 Basin	 has	 produced	 conventional	 oil	 and	 gas	 for	 many	 decades	 from	
sandstone	 reservoirs,	 particularly	 in	 the	 Tirrawara	 Sandstone,	 which	 was	 identified	 as	 a	
significant	hydrocarbon	source	in	the	early	phase	of	exploration.	Producing	gas	and	oil	fields	in	
the	 basin	 are	 primarily	 related	 to	 broad	 arches	 and	 folds	 as	 both	 crestal	 and	 non-crestal	
hydrocarbon	 accumulations	 (Mott,	 1952).	 Multiple	 oil	 and	 gas	 pools	 are	 stacked	 in	 coaxial	
Permian	and	Mesozoic	structures,	from	as	low	as	the	Tirrawarra	Sandstone	to	as	high	as	the	
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Murta	Formation		(in	the	overlying	Eromanga	Basin	succession)	(PIRSA,	1998;	DMITRE,	2012).	
Locally,	 Permian	 oil	 has	 also	 migrated	 downwards	 into	 the	 underlying	 Warburton	 Basin	
reservoirs	 on	 the	 basin	 margin	 and	 Permian	 gas	 has	 migrated	 into	 a	 fractured	 Ordovician	
reservoir	fringing	the	Allungu	Trough.	Anticlinal	and	faulted	anticlinal	traps	have	been	relied	on	
as	proven	exploration	 targets,	but	potential	 remains	high	 for	discoveries	 in	stratigraphic	and	
sub-unconformity	 traps,	 especially	 where	 Permian	 strata	 are	 truncated	 by	 strata	 of	 the	
overlying	 Eromanga	Basin	 succession.	 Economic	 oil	 and	 gas	 reservoirs	 are	 also	 found	 in	 the	
Nappamerri	 Group,	 which	 is	 paradoxically	 regarded	 as	 a	 regional	 seal	 to	 the	 Cooper	 Basin	
(Geoscience,	 2000;	 DMITRE,	 2012).	 The	 Early	 to	 Middle	 Triassic	 Nappamerri	 Group	 is	 the	
uppermost	succession	in	the	Cooper	Basin,	and	consists	of	interbedded	shales,	siltstones	and	
sandstones	 interpreted	 to	 represent	 fluvial	 depositional	 environments	 associated	 with	 arid	
climatic	conditions	(Papalia,	1969;	Price,	1985;	Youngs	and	Boothby,	1985).	
Multi-zone,	 high-sinuosity,	 fluvial	 sandstones	 form	poor	 to	 good	quality	 reservoirs	 in	
the	basin.	The	main	gas	reservoirs	occur	within	the	Patchawarra	Formation	(Gatehouse,	1972;	
Morton	&	Gatehouse,	1985).	Shoreface	and	delta	distributary	sandstones	of	 the	Epsilon	and	
Daralingie	 formations	are	also	 important	oil	 reservoirs.	Oil	 is	 produced	principally	 from	 low-
sinuosity	 fluvial	 sand	 bodies	 within	 the	 Tirrawarra	 Sandstone	 (Kapel,	 1972;	 Williams	 et	 al.,	
1984).	 Towards	 the	margin	 of	 the	 Cooper	 Basin,	 oil	 is	 also	 produced	 from	 the	 Patchawarra	
Formation	and	from	fluvial	channel	sandstones	in	the	Merrimelia	Formation	in	the	Malgoona	
field.	Intraformational	shale	and	coal	form	local	seals	in	the	major	reservoir	units.	Beneath	the	
Daralingie	 unconformity	 the	 Roseneath	 and	 Murteree	 shales	 form	 two	 important	 Early	
Permian	regional	seals	(Gatehouse,	1972).	The	Roseneath	Shale	is	the	top	seal	of	the	Epsilon	
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and	Murteree	 shales	 in	 various	 exploration	wells,	with	 sampling	 in	 the	 following	 areas:	 the	
Patchawarra	Trough,	Nappameri	Trough,	Allunga	Trough	and	Tenappera	Trough.	 	Wells	were	
also	 selected	 to	 range	 across	 the	 South	 Australian	 and	 Queensland	 portions	 of	 the	 Cooper	
Basin.	 All	 sampling	 was	 undertaken	 at	 Department	 of	 Manufacturing,	 Innovation,	 Trade,	





maceral	 and	 mineral	 matter.	 The	 results	 are	 expressed	 in	 volume	 percentage	 of	 each	
component	(vol	%)	 for	V	(Vitrinite),	L	 (Liptinite),	and	 I	 (Inertinte)	 (see	 ICCP,	1998;	 ICCP,	2001	
and	 Taylor	 et	 al.,	 1998)	 for	 detailed	 procedures	 of	 maceral	 analysis).	 Random	 VR	
measurements	were	made	by	calibrating	against	two	sets	of	reference	standards	(Gadolinium-	
Gallium-Granat	 0.	 91-59,	 R	 546	 nm,	 Oil=1.674%,	 and	 Glass,	 R	 546,	 oil=0.576%)	 using	
monochromatic	 (546)	 non-polarized	 light	 in	 conjunction	 with	 a	 10x	 ocular	 and	 40x	 oil	
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Organic	matter	 in	 these	 samples	 occurs	 as	 a	 complex	mixture.	 The	 identification	 of	
indigenous	vitrinite	populations	is	based	upon	petrographical	observations	and	the	distribution	
of	 reflectance	 data.	 The	 use	 of	 interpretive	 step	 to	 determine	 the	 indigenous	 vitrinite	
population	can	lead	to	different	results	when	compared	to	whole	rock	analyses.		
A	source	rock	analyzer	(SRA)	was	used	to	perform	pyrolysis	as	described	by	Espitalie	et	
al.	 (1977,	1986),	Peter	 (1986),	and	Riedeger	 (1991).	This	method	permits	rapid	evaluation	of	
the	organic	matter	type	and	the	thermal	maturity	of	the	organic	matter.	The	pyrolysis	method	
is	based	on	steady	heating	of	rock	samples	so	that	hydrocarbon	production	is	monitored	as	a	
function	 of	 temperature.	 Rock-Eval	 pyrolysis	 values	 are	 presented	 in	 Appendix-1,	 which	
includes	 measures	 at	 Tmax,	 Production	 Index	 (PI),	 TOC	 (total	 organic	 carbon),	 HI	 (hydrogen	
index),	 OI	 (oxygen	 index)	 and	 S1	 (the	 free	 hydrocarbons	 present	 in	 the	 sample	 before	 the	
analysis),	 S2	 (the	 volume	 of	 the	 hydrocarbon	 that	 formed	 during	 thermal	 pyrolysis	 of	 the	
sample),	 S3	 (the	 CO2	 yield	 during	 thermal	 breakdown	 of	 kerogen),	 S4	 (the	 residual	 carbon	
content	 of	 the	 sample).	 All	 these	 values	 are	 indicative	 of	 the	maturity	 level	 of	 the	 organic	
matter	and	a	number	of	hydrocarbons	already	produced,	or	that	could	be	produced	from	the	
rock	samples.	Tmax	represents	the	temperature	at	which	the	maximum	amount	of	hydrocarbon	
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Inertodetrinite	is	widely	distributed	in	the	Roseneath	Shale,	as	well	as	in	the	Murteree	




including	 lipid-rich	 phytoplankton	 and	 terrigenous	 humic	 organic	matter.	 Sample	 V-1423	 of	
Roseneath	 Shale	 at	 depth	 2127m	 to	 2133m	 in	 the	Munkarie-02	 well	 contains	 telalginite,	 a	
structured	organic	matter	 (alginite)	 that	 is	 composed	of	 large	discrete	 colonial	or	unicellular	
algae	 in	 distinct	 laminae	 (Fig.	 2c).	 Detrital	 resinite	 is	 common	 in	 many	 sections	 and	 is	
interpreted	to	occur	in	close	proximity	to	deltaic	facies.		It	may	contain	some	internal	domains	
showing	that	more	than	one	phase	is	present	(Fig.	2d).	The	occurrence	of	resinite	as	cell	fillings	










In	Moomba-46	well	 samples	 V-1415	 (2464	 to	 2465m)	 and	 V-1417	 (2463	 to	 2464m),	
organic	 matter	 is	 common	 and	 mostly	 medium	 sand	 sized	 grained.	 Vitrinite	 is	 the	 main	
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maceral,	consisting	of	vitrodetrinite.	Inertinite	is	comprised	of	inertodetrinite.	Liptinite	occurs	
as	thin	alginite	and	liptodetrinite.	Telinite	shows	non-gelified	plant	tissues	with	well-preserved	
cells	 (Fig.	 2j).	 Under	 yellow	 fluorescence	 light,	 alginite	 is	 visible	 as	 irregular	 slender	 bands	
representing	 discrete	 laminae	 across	 domains	 with	 dispersed	 macerals	 (Figs.	 2h,	 2i).	 The	
samples	exhibit	high	fluorescence,	suggesting	the	organics	have	either	a	high	hydrogen	index	




In	 Moomba-73	 well	 samples	 V-1400	 to	 V-1402	 (2657	 m	 to	 2694	 m)	 contain	 high	




Vitrinite	 is	 the	main	maceral,	 consisting	 of	 vitrodetrinite	 and	 inertinite	 is	 the	 second	
most	 abundant,	 consisting	 of	 inertodetrinite.	 Liptinite	 in	 the	 form	 of	 liptodetrinite	 is	
subordinate.	Organic	matter	in	the	Murteree	Shale	is	derived	from	a	variety	of	sources	such	as	
lipid-rich	 phytoplankton	 and	 terrigenous	 humic	 organic	matter.	 It	 is	 abundant	 and	 typically	
medium	 grained.	 	 Changes	 in	 optical	 properties	 reflect	 chemical	 changes	 in	 the	 macerals.	
Murteree	Shale	macerals	from	different	wells	in	the	Cooper	Basin	show	variability.		
In	sample	V-1374,	from	2128m	in	the	Epsilon	well,	organic	matter	 is	of	medium	sand	
size	 grained	 and	 consists	 of	 mainly	 fusinite	 and	 subordinate	 semi-fusinite,	 which	 mainly	
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In	 the	Moomba-145	 well	 sample	 V-1410	 at	 a	 depth	 of	 2727	m	 to	 2740	m,	 organic	
matter	is	common	and	mostly	of	medium-sand	grain	size.		Vitrinite	has	been	in	part	degraded	
to	structureless	collotelinite	(Fig.	3s).	Cellular	structures,	which	are	commonly	well	preserved,	
show	 the	 prominence	 of	 semifusite	 (Fig.	 3q).	 This	 represents	 humic	material	 that	 has	 been	
partially	 degraded	 by	 biochemical	 activity,	 most	 likely	 by	 fungal	 attack.	 Semifusinite	 is	





inertodetrinite	 and	 variable	 fluorescence.	 Inertodetrinite,	 as	 small	 fragments	mainly	 derived	
from	the	physical	degradation	of	other	types	of	 inertinite,	 is	widely	distributed.	Some	of	 the	
smaller	 fragments	 may	 have	 been	 of	 wind-born.	 Their	 definition	 becomes	 obscure	 with	
increasing	rank.	A	major	prominent	feature	of	this	sample	is	the	abundance	of	micrinite	with	
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shales	 from	 20	 different	 wells	 range	 from	 0.68	 to	 2.2%	 R0	 (Appendix-1).	 Histograms	
summarizing	 the	 data	 show	 that	 through	 sections	 of	 both	 the	 Roseneath	 and	 Murteree	
Formations,	%	R0	values	generally	increase	with	depth	(Appendix-3)	in	supplementary	data.			
5.2.1	 VR	of	the	Roseneath	Shale	
Results	 for	 Roseneath	 Shale	 samples	 (Appendix-1)	 show	 that	 VR	 values	 generally	




reflects	 sample	 quality	 and	 the	 accuracy	 of	 measurement.	 	 At	 depths	 between	 2593.85	 to	
2606.04m	in	the	Moomba	North-01	well,	average	VR	is	1.41%	R0	and	this	increases	to	1.46%	R0	
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at	 depths	 between	 2624.33	 to	 2627.38m.	 The	 overall	 trend	 is	 an	 exponential	 increase	 in	
maturity	with	depth.	
For	Moomba-73	well,	VR	is	0.98%	to	1.89%	R0.	The	49	readings	do	not	show	a	direct	
relationship	 to	depth,	 reaching	a	maximum	value	of	1.89%	R0	 .	 In	 the	Moomba-	133	well	at	
2816	 to	 2825m,	 VR	 ranges	 from	 1.25%	 to	 1.45%R0	 (19	 readings)	 (Appendix-1,	 Table-3)	
supplement	 material.	 Moomba-46	 samples	 are	 all	 from	 core	 samples	 and	 have	 excellent	
quality	with	a	uniform	organic	matter	composition.		
VR	 from	 the	 Roseneath	 Shale	 wells	 is	 tabulated	 in	 Table-3	 (Appendix-1).	 The	 shale	
shows	 a	 considerable	 scatter	 of	 values,	 but	 data	 are	 sufficient	 to	 identify	 that	 the	 samples	






VR	 is	a	useful	guide	to	maturity	of	 the	Roseneath	Shale	with	respect	 to	hydrocarbon	
generation.	 A	 sample	 from	Ashby-01	well	 at	 2068	 to	 2079m	 	 provided	 	 VR	 values	 between	
1.83%	 and	 1.88%	R0,	 indicating	 that	 these	 samples	 are	 in	 the	mature	 zone	 for	 hydrocarbon	
generation.	Samples	from	Epsilon-01	and	Epsilon-02	wells	with	VR	values	between	(1.17%	and	
1.23%	 R0)	 are	 also	 sufficiently	 mature	 for	 oil	 generation.	 Samples	 from	 Encounter-01	 well	
averaging	1.79%	R0,	 indicate	that	 they	are	 in	 the	gas	generation	zone.	Samples	 from	Vintage	
Crop-01well	at	2133m	in	Roseneath	Shale	average	1.80%	R0,	suggesting	a	position	in	the	wet	to	
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dry	gas	zone.	Moomba-46	and	Moomba-76	samples	at	depths	of	2463	to	2688m	indicate	the	
early	stage	of	oil	generation	(0.74%	to	0.97%	R0).	Finally,	samples	from	the	Moomba	North	-01	,	








Overall	 the	 Murteree	 Shale	 VR	 values	 are	 higher	 than	 those	 for	 Roseneath	 Shale	
reflecting	its	lower	stratigraphic	position	and	hence	burial	depth.	Samples	from	the	Moomba-
145	well	show	a	gradual,	almost	 linear,	 increase	from	1.50%	to	1.92%	R0	across	depths	from	
























V-1398	 Roseneath	 2682.24–2694.43	 abundant	 >	50		 <5	 <5	 	 0.98	 14	 Moomba-73	
V-1417	 Roseneath	 2466.44–2463.24	 abundant	 >	50		 <5	 <5	 <5	 0.97	 12	 Moomba-46	
V-1415	 Roseneath	 2464.19–2465.53	 abundant	 >	50		 <5	 <5	 <5	 0.85	 23	 Moomba-46	
V-1373	 Roseneath	 2128.30-2130.25	 abundant	 >	50	 <5	 <5	 	 1.17	 18	 Epsilon-02	
V-1374	 Murteree	 2202.70–2206.18	 abundant	 >	50		 <5	 <5	 	 1.17	 13	 Epsilon-02	
V-1391	 Murteree	 2203.70–2209.80	 abundant	 >	50		 <5	 <5	 	 0.91	 28	 Toolachee	East-02	
V-1402	 Murteree	 2791.97-2798.06	 abundant	 >	50	 <5	 <5	 	 2.00	 20	 Moomba-73	
V-1428	 Murteree	 1896–1896.16	 common	 >	50		 <5	 <5	 	 1.07	 19	 Dirkala-02	
V-1429	 Murteree	 1893.42–1893.81	 abundant	 >	50		 <5	 <5	 	 1.01	 19	 Dirkala-02	
V-1431	 Murteree	 1895.86–1905.00	 common	 >	50		 <5	 <5	 <5	 1.09	 20	 Dirkala-02	
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In	the	Epsilon-1	and	Epsilon-2	wells,	samples	in	the	2128	to	2130m	depth	range	have	
1.23%	 to	 1.30%	 R0	 values.	 	 For	 Big	 Lake-43,	 Toolachee-25,	 Toolachee-36,	 Toolachee-39,	
Toolachee-East-2	 wells	 average	 VR	 ranges	 from	 0.79%	 to	 1.10%	 R0,	 indicating	 that	 these	












give	values	of	0.84%	to	1.07%	R0,	 indicating	 the	onset	of	oil	generation.	For	 the	Big	Lake-70	
well,	at	depths	from	2417	to	2557m,	average	values	are	0.84%	to	0.97%	R0	indicating	the	onset	
of	the	hydrocarbon	generation.	Similar	values	are	present	in	Toolachee-25,	Toolachee	East-02,	







of	2157	 to	2188m.	Samples	 from	depths	of	2431	 to	2599m	 from	Big	 Lake-43	well	 are	more	
mature	 than	 those	 from	 Big	 Lake-70	 well	 at	 similar	 depths	 (2548	 to	 2551m),	 and	 have	 VR	
values	of	1.01%	to	1.10%	R0	and	0.84%	to	0.97%	R0,	respectively	(Fig.5)	
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5.3	 Rock-Eval	Pyrolysis	
Selected	 samples	 were	 analysed	 by	 Rock-Eval	 pyrolysis	 to	 evaluate	 maturity	 and	
identify	kerogen	types	(II,	III	and	IV)	in	both	formations.	Estimates	of	thermal	maturity	derived	























C,	 indicating	 that	 the	 shale	 is	 in	 the	 wet	 to	 dry	 gas	 zones	 (Appendix-3)	 in	
supplementary	material,	and	dominantly	gas	prone	in	the	well	intersections.		For	the	Dirkala-2	
well,	pyrolysis	reveals	 fairly	variable	generation	potential	 for	samples	that	are	moderately	to	
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6		Discussion		
The	results	of	quantitative	optical	analyses,	VR	and	Rock	Eval-pyrolysis	presented	in	this	
study	 of	 the	 Roseneath	 and	 Murteree	 shales	 provide	 new	 information	 on	 their	 maceral	
content,	 kerogen	 types,	 and	 general	 potential	 for	 hydrocarbon	 generation.	Hydrocarbons	 in	
the	 Cooper	 Basin	 are	 generally	 thought	 to	 have	 originated	 from	 the	 abundant	 dispersed	
organic	 matter	 (3	 to	 6%	 TOC	 weight)	 in	 fluvial	 and	 deltaic	 shales	 of	 the	 Toolachee	 and	
Patchawarra	formations	(Taylor	et	al.,	1988).	Here,	data	show	that	coal	and	dispersed	organic	
matter	 in	 the	 shales	 are	 dominated	 by	 vitrinite	 and	 inertinite	 (Type	 III	 kerogen)	with	minor	
amounts	of	 sporinite	and	cutinite,	derived	 from	a	higher	plant	assemblage.	Type	 III	 kerogen	
corresponds	to	terrestrial-derived	organic	matter,	most	likely	from	higher	plants.	This	type	of	
kerogen	is	therefore	a	source	of	gas	rather	than	oil (Barker,	1974).		The	local	concentration	of	
liptinite	 	 and	 bacterially	 biograded	 organic	 matter,	 indicating	 significant	 oil	 generation	
potential,	have	been	proposed	as	the	source	of	oil	found	in	Permian	reservoirs	across	the	basin	
(Kantsler	 et	 al.,	 1983).	 The	 organic	 characteristics	 of	 Cooper	 Basin	 source	 rocks	 have	 been	
previously	discussed	by	Kantsler	et	al.	 (1983),	Symyth	 (1983),	Cook	and	Struck	Meyer	 (1986)	
and	Taylor	et	al.	(1988).		
6.1	Thermal	maturity	of	the	Cooper	Basin	
The	 Nappameri	 Trough	 is	 particularly	 large	 (~15,000km
2
),	 deep	 (>3050m),	 thermally	
mature	and	over-pressured,	 suggesting	 that	 it	 is	 the	most	prospective	oil/gas	portion	of	 the	
Cooper	Basin	 (ICON	Energy,	 2011).	 The	Permian	uppermost	 unit	 boundary	occurs	 at	 depths	
>2800	m	in	the	center	of	this	structure	and	over	3050	m	in	the	Patchawarra	Trough	(Fig.	6).	The	
thermal	maturity	 of	 the	 Roseneath	 and	Murteree	 shales	 intervals	 is	 high	 in	 the	 Nappameri	
Trough	 (Figs.4-5)	 and	wells	 in	 this	 area	 are	 gas	 prone	 (3	 to	 4%	 R0).	 These	 intervals	 for	 the	
Patchwarra	Trough	have	lower	thermal	maturity	(1%	R0),	whereas	 in	the	Tennappera	Trough	
they	show	R0	values	equivalent	to	medium	maturity.	
The	 Cooper	 Basin	 extends	 across	 the	Queensland	 and	 South	 Australia	 border	 and	 is	
coincident	with	a	prominent	geothermal	anomaly	(Cull	&	Denham,	1979;	Cull	&	Conley,	1983;	
Somerville	et	al.,	1994).	The	region	forms	part	of	a	broad	area	of	anomalously	high	heat	flow,	
which	 is	 attributed	 to	 Proterozoic	 basement	 enriched	 in	 radiogenic	 elements	 (Sass	 &	
Organic	Petrography	and	Thermal	maturity	of	Roseneath	and	Murteree	shales	of	the	Cooper	Basin,	Australia	
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Lachenbruch,	 1979;	Mclaren	 et	 al.,	 2003).	 Thick	 sedimentary	 sequences	 in	 the	 Cooper	 and	



















have	 been	 observed	 in	 patchy	 distributions	 in	 the	 Nappameri,	 Patchawarra,	 Allunga	 and	




attempted	 through	direct	 comparison	with	measured	bottom	hole	 temperature	 recorded	 in	
the	OZ	temperature	dataset	(Holgate	and	Gerner,	2010).		
Gravity	lows	are	coincident	with	Nappameri	and	Tenappera	troughs	and	extend	beyond	
the	 trough	 boundaries.	 There	 is	 also	 evidence	 that	 density	 variations	 in	 the	 basement	 are	
contributing	to	the	observed	gravity	field.	There	are	also	a	number	of	prominent	gravity	lows	








2012).	 Thermal	 conductivity	 values	 have	 been	 assigned	 to	 the	 inferred	 granitoid	 bodies	 by	
Meixner	 et	 al.,	 (2012)	 based	 on	 data	 for	 a	 range	 of	 granite	 samples	within	 the	Geoscience	
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with	 subordinate	 telinite,	 vitrodetrinite,	 and	 collotelinite.	 	 For	 vitrinite	 particles,	 vitrinite	
content	 is	50-55%,	which	 is	supported	by	 fluorescence	observation.	Accordingly	the	organics	
have	 either	 a	 low	 hydrogen	 index	 and	 /or	 contain	 a	 high	 percentage	 of	 gas	 prone	 kerogen	
debris.	Vitrinite	is	a	major	source	of	catagenic	gas	at	high	levels	of	maturation	(	Bostick,1979;	




which	 is	 dominantly	 comprised	 of	 inertodetrinite.	 This	 maceral	 type	 represents	 small	
fragments	derived	by	the	physical	degradation	of	inertinite,	which	in	turn	is	probably	derived	
from	fusinite,	semifusinite,	and	less	commonly,	micrinite.	The	Roseneath	and	Murteree	shales	
have	 abundant	 inertinite,	 typically	 between	 ~20	 -40%	 (Figs.	 12-13).	 	 The	 inertinite	 maceral	
group	corresponds	to	type	IV	kerogen	identified	within	the	Roseneath	and	Murteree	shales	by	
Rock-Eval	pyrolysis.	
Liptinite,	 in	 the	 form	 of	 alginite,	 liptodetrinite,	 sporinite,	 cutinite,	 resinite	 and	
bituminite,	 is	 also	 present	 in	 Murteree	 and	 Roseneath	 shales.	 It	 generally	 represents	 an	
amorphous	component	intimately	associated	with	the	mineral	matrix.	Telalginite	derives	from	
alginite	 and	 is	 identified	 in	 both	 shales,	 but	 is	 restricted	 to	 isolated	 beds.	 It	 occurs	 in	 large	
bodies	 that	commonly	show	botanical	 tissue	structures	and	are	predominantly	yellow	under	




20 | P a g e  
1985b;	Mckirdy	et	al.,	1986a).	The	bulk	of	these	hydrocarbons	are	synthesized	and	stored	 in	




present.	The	 internal	 structure	 is	 similar	 to	bitumen	and	appears	 to	 reflect	degradation	 (Fig.	
2d).	The	presence	of	resinite	is	an	indicator	of	thermal	immaturity.		
Shales	 in	 the	 Cooper	 Basin	 are	 rich	 in	 organic	matter	 and	 have	 hydrocarbon	 source	
potential.	 VR	 values	 increase	 in	 response	 to	 increasing	 maturation	 of	 organic	 matter	 with	
depth	in	both	shales.	Lower	reflectance	values,	ranging	from	0.1	to	0.7%	R0,	were	obtained	for	
the	Roseneath	Shale;	whereas	the	Murteree	shale	values	range	from	0.6	to	0.90%	R0.		The	data	
show	 a	 relationship	 of	 well	 intersections	 to	 the	 oil,	 wet	 gas	 and	 dry	 gas	 domains	 (Fig.14).	
Moreover	differentiation	of	these	domains	broadly	relates	to	sample	depths.	Maximum	source	








Rock-Eval	 results	 provide	 additional	 geochemical	 information	 on	 the	 hydrocarbon	
potential	 of	 the	Murteree	 and	 Roseneath	 shales,	 and	 such	 data	 is	 particularly	 useful	 when	
considered	in	combination	with	the	VR	data.	Oxygen	Index	(OI)	values	of	both	shales	samples	
range	from	10	to	200	mg	CO2/g	TOC,	indicating	a	terrestrial	provenance	for	all	organic	matter	
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Because	 the	 chemical	 nature	 of	 a	 particular	 kerogen	 is	 intimately	 related	 to	 observe	 Tmax,	
different	kerogen	types	may	have	influenced	the	maturation	process.	
In	 this	 study,	 the	 Tmax	data	 are	 summarized	 for	 kerogen	 types	 I,	 II,	 III	 Appendix-3,	 in	




about	0.8%	R0).	At	all	higher	maturation	 stages,	 type	 I	 kerogen	values	become	merged	with	
type	II	(Appendix-3)	in	supplementary	data.	Type	III	kerogen	comes	predominantly	from	higher	
plant	material	in	the	Roseneath	and	Murteree	shales.	Type	III	tends	to	be	more	gas	prone	than	
type	 I	 and	 II	 is	 chemically	 analogous	 to	 the	 coal	maceral,	 vitrinite.	 In	 fact	 kerogen	maturity	





producing	 systems	 are	 in	 the	 Fort	 Worth,	 East	 Texas	 and	 in	 the	 Appalachian	 basins.	 It	 is	
instructive	to	compare	the	petrology	of	the	Cooper	Basin	shales	with	these	systems,	including	
the	Mississippian	Barnett	Shale	in	the	Fort	Worth	Basin,	the	Devonian	Marcellus	Shale	in	the	
Appalachian	 Basin,	 and	 the	 Cretaceous	 Eagle	 Ford	 Shale	 in	 East	 Texas.	 Their	 characteristics	
provide	 benchmark	 comparisons	 for	 evaluating	 the	 Roseneath/Murteree	 shales	 in	 terms	 of	
hydrocarbon	 potential.	 These	 examples	 are	 from	 different	 age	 strata	 to	 that	 found	 in	 the	
Cooper	 Basin,	 thus	 the	 different	 organic	 content	 between	 basins	 may	 lead	 to	 comparison	
issues..	
Barnett	 Shale	 macerals	 are	 composed	 largely	 of	 amorphous	 kerogen	 (91-93%)	 with	
minor,	sporadic	algal	Tasmanite	(telealginite)	(Hill,	2007).		Vitrinite	maceral	shows	that	3-5%	is	
derived	 from	 lignin.	 Inertinite	 charcoal	 ranges	 from	1-5%,	 and	 liptinite	 (1%)	 is	 derived	 from	
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and	minor	 type	 III.	 %	 R0	 ranges	 from	 1.2	 to	 3.5	 with	 Tmax≥470
0














R0.	 There	 is	 very	 little	 variation	 in	maceral	 composition	 between	 the	 American	 shale	 gas	
basins	and	that	of	the	Cooper	Basin	shales.		
	
Shale	 Basin	 Age	 Basin	type	 TOC	 R0	 Tmax	 Kerogen	type	
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The	organic	content	of	 the	American	shales	 ranges	 from	2	 -	12%	TOC	and	 is	broadly	
comparable	 with	 the	 Cooper	 Basin,	 which	 is	 between	 2	 and	 15%	 TOC.	 Perhaps	 one	major	





Cuttings	 and	 core	 samples	 from	 the	 Permian	Roseneath	 and	Murteree	 shales	 of	 the	
Cooper	 Basin	 show	 variable	 organic	 contents	 (TOC	 ranging	 between	 2%	 and	 30%),	 in	 the	






results	and	associated	 fluorescence	data	 indicate	 that	gas	prone	organic	material	dominates	
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 Figure 1: Stratigraphy of the Cooper Basin (PIRSA, 2007). Arrow shows the study interval that includes the Roseneath and Murteree shales. 







Figure 2 : a) Photomicrograph of polished sections,(oil immersion  50 X)  showing coal maceral  alginite occurs as larger bodies, it is commonly 
shows the botanical structure and typically gives more intense fluorence light than most other maceral and types ( V-1417 Roseneath Shale 
(well Moomba-46).b) Inertinite  derived from plant material  strongly altered and degraded under oxidizing conditions. c)Alginite  which  is 
occurring  colonial and thick walled unicellular  larger bodies  well Munkerie-02 d)Resinite  rich in hydrogen and shows the internal structure 
like to be bitumen and occurring in this mode appears to be concentrated as a result of degradation. e) Collotellinite (red arrow) as a ground 
mass with fusinite (blue arrow). f) Vitrodetrinite at depth 2020m. g) Inertodetrinite at depth of 2020 to 2029m. h) Yellow alginite slender lines 
across the organic matter with flocculent groundmass are visible in fluorescence. i)Lower arrow shows collotellinite and upper lower shows 
fusinite j)Telinite  thin longitudinal  strip with organic matter k)Telinite maceral show s non-gelified plant tissues with well-preserved cell in  




Figure 3: m) Photomicrograph set polished sections, (oil immersion 50 X) of coal maceral in the Murteree Shale in white light with sample 
V-1374   at depth 2128 m arrow is showing collotellinite. n) At depth 2128 m arrow is showing semi-fusinite. o) Arrow is showing fusinite. 
p) Fusinite which chiefly represents material resulting from wood. q) Arrows show the semi-fusinite has been partially oxidized by 
biochemical activity. r) Yellow arrow shows the collotellinite as groundmass with inorganic material. s) Collotellinite -rich and unstructured 
debris in plane light well Moomba-145.t) Coal maceral in fluorence light shows yellowish color of Bitumen that is group of liptinite maceral 
and those of vitrinite. The major distinguishing features are abundance of micrinite within bitumen, and it is typically interbedded with 
vitrinite layers. u) Yellow color of alginite in Dirkala 2. v) At depth 2203 m arrow is showing Graphite. w) Coal maceral in white light shows 
bituminite (orange arrow). A major distinguishing feature is the abundance of micrinite with bituminite and another association with a 





Figure 4: Distribution of core samples for the Roseneath Shale in the Cooper Basin showing generalized TOC and vitrinite reflectance 
characteristics, which indicate hydrocarbon potential. 
 









  Figure 6: Schematic section showing the central Nappameri Trough, REM (Roseneath, Epsilon, and Murteree) shales in the                      



















 Figure 7: Roseneath Shale Tmax Vs HI cross plot. Data in large part lie in Kerogen II 






Figure 8: Murteree Shale Tmax Vs HI cross plot Tmax shows kerogen III. 
Figure 9: Well bottom temperature and 1780 boreholes temperature measurements in the Cooper 
Basin in relation to underlying basement (modified from OZ temp Gerner and Holgate, 2010).  
 
   
 
 
Figure 10: Thermal anomalies identified in the Cooper Basin (Geoscience 
Australia, 2010) showing a complex pattern of heat residue most likely 
due to emplacement of granitoid plutons across the Basin.  
  
Figure 11: Cooper, Eromanga, and Warburton basin succession 
from drill hole intersection is showing down hole conductivity 
measurements (modified from NGMA, 2001 and Beardsmore, 
2004). 
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 Figure 12: Vitrinite- Liptinite-Inertinite plot for the Permian 
Roseneath and Murteree shales base maceral study on five 
wells, Epsilon-02, Toolachee-02 and Dirkala-02 from Cooper 
Basin. 
 
 Figure 13: Vitrinite- Liptinite-Inertinite plot for the Permian 
Roseneath and Murteree shales base maceral study on five 












Figure 14: Vitrinite reflectance profile is showing the effect of change of in %R0 with depth in Roseneath and Murteree 
shales of Cooper Basin. The data represents a wide geographic distribution of wells. 
 
		






































































































































































































9	 V- Murteree	 Moomba-	 Pr- 2813.30	 1.89	%.	
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17	 V-1432	 Murteree	 Dirkala-02	 Pr-13359	
1837.94	
1844.04	
0.85	%.	
18	 V-1433	 Roseneath	
Big	Lake-
70	
Pr-13360	
2426.21	
2432.30	
0.93	%.	
18	 V-1434	 Murteree	
Big	Lake-
70	
Pr-13361	
2557.27	
2560.32	
0.97	%.	
	
18	 V-1435	 Murteree	
Big	Lake-
70	
Pr-13362	
2548.13	
2551.18	
0.84%.	
18	 V-1436	 Roseneath	
Big	Lake-
70	
Pr-13363	
2417.06	
2423.16	
0.97%.	
	
	
	Table-	3:				Organic	matter	is	abundant,	fine	to	medium	grain	size.	Organic	matter	is	mainly	coal	in	nature	and	oxidized	in	nature.	Vitrinite	is	the	
main	maceral	consist	of	vitrodetrinite	and	collinite.	Inertinite	is	the	second	maceral	consists	of	inertodetrinite	.Liptinite	is	the	third	
maceral	in	the	form	liptodetrinite,	alginite,	bituminite	are	present.	Kerogen	types	are	III,	IV,	and	II.		
